In this study, we have categorized cord blood CD5 + B cells, which were examined using the horseradish peroxidasecolloidal gold double labeling immunoelectron microscopy, into three subtypes based on their morphology and immunohistochemical characteristics. Type 1a cells and type 1b cells (9% and 17% of the CD5 + B cells, respectively) had few cytoplasmic organelles, a high nuclear/cytoplasmic (N/C) ratio (0.66 ± 0.03 and 0.58 ± 0.04, respectively), and a low nuclear contour index (NCI) value (1.56 ± 0.30 and 1.50 ± 0.27, respectively), whereas type 2 cells (74% of the CD5 + B cells) had a low N/C ratio (0. 44 ± 0. 11) and a high NCI value (2. 05 ± 0. 68) . Type 2 cells, which had many cytoplasmic organelles, frequently had several uropod-like processes that bound to the gold particles. The N/C ratios clearly showed that there were significant differences among the three types of CD5 
INTRODUCTION

CD5
+ B cells, which have been identified in cord blood [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , have a unique developmental course during which they don't migrate into germinal centers 1 . The detailed morphological characteristics of these cells, however, have not yet been described.
In the present investigation, we have studied CD5 + B cells using a double immunolabeling method [13] [14] [15] [16] [17] , and described three types of CD5 + B cells and their maturation.
MATERIALS AND METHODS
Cell preparation and prefixation
Cord blood samples containing CD5 + B cells were obtained from placental cord vessels soon after delivery using a 21-gage syringe. The samples were centrifuged (Lymphoprep TM , Nycomed Pharma, Oslo, Norway) and washed twice in ice-cold Dulbecco's phosphate-buffered saline (PBS), pH 7.4 16, 17 . The washed cells were prefixed on ice for 15 min in Zamboni's solution (pH 7.3) containing 2% paraformaldehyde and 0.5% glutaraldehyde. The cells were then rinsed twice in PBS for 30 min at 4℃.
Immunohistochemical procedure
Double immunolabeling was performed using a modified version of a previously described method 13, 18 . All lymphocytes (5 × 10 6 cells/ml) were first incubated with anti-CD20 monoclonal antibody (MoAb) (1 : 10, Dakopatts, Denmark) (5 ml for 1 × 10 6 cells) overnight at 4℃. The cells were then washed twice for 5 min in ice-cold PBS and incubated with goat anti-mouse IgG antibody coupled to 20-nm colloidal gold particles (1 : 10, Zymette, USA) for 60 min at 4℃. After two more washes in PBS, the cells were incubated with biotinylated anti-CD5 MoAb (1 : 10, Dakopatts) for 120 min at room temperature, washed twice in PBS, and stained for 60 min at 4℃ using the avidin-biotin-horseradish peroxidase complex (1 : 100, Dakopatts). After two more washes, the cells were preincubated with 0.025% 3-3'-diaminobenzidine tetrahydrochloride (DAB ; Sigma, USA) for 30 min at 4℃ before a final incubation with 0.025% DAB and hydrogen peroxide for 5 min at 37℃. After washing the samples twice in PBS buffer, the cells were fixed in the previously described Zamboni's mixture on ice for 30 min and then washed with ice-cold PBS.
Control samples to test for labeling specificity were treated by substituting mouse purified IgG and IgM for the anti-CD20 and anti-CD5 MoAbs, respectively.
Postfixation and cell embedding
After the double immunolabeling procedure, cells were mixed with 14% calf serum and incubated for 20 min at 4℃. Glutaraldehyde was gently added to the cells for more than 30 min at 4℃ to create cell blocks. The cell blocks were postfixed with 1% osmium tetroxide in 0.1 M sodium cacodylate buffer (pH 7.4) for 60 min at 4℃, dehydrated using a graded series of alcohols, and embedded in Araldite.
Ultrastructural and statistical evaluation
Ultrathin sections that were prepared with a diamond knife on a RMC MT-7 ultramicrotome were left unstained or were lightly stained for 5 min with uranyl acetate. A JEOL 100 CX electron microscope was used to examine and photograph the samples. For gold labeling, only those cells with at least three gold particles on the cell surface were counted as CD20 + cells, whereas only cells showing complete peripheral HRP-staining of the cell surface were considered to be CD5 + cells.
Cells that were double labeled with gold particles and HRP deposits were identified as CD5 + B cells [13] [14] [15] [16] [17] [18] [19] . At least three samples from each experiment were examined. A total of 150 to 200 stained and unstained cells from each sample were counted for statistical evaluation. The nuclear/cytoplasmic (N/C) ratio and the nuclear contour index (NCI) of the CD5 + cells, CD20 + cells, and CD5 + B cells were evaluated with a color image processor (SPICCA II, Nippon Avionics Co. Ltd., Tokyo, Japan) and three-dimensional TRI reconstruction software (Ratoc System Engineering, Tokyo, Japan).
Statistical analysis was carried out using Student's tests 13, 17 .
A probability value of less than 0.05 (p < 0.05) was considered significant.
RESULTS
Cord blood lymphocytes expressing CD5, CD20, or the combination of CD5 and CD20 were easily identified by labeling with the respective antibodies.
CD5 + cells
Lymphocytes labeled with anti-CD5 antibody had a rough cell membrane with few microvilli on their cell surface. The nuclei were reniform and the nucleoli were often distinct. The N/C ratio and NCI values are shown in Fig. 1 . A small numbers of organelles including the endoplasmic reticulum (ER), Golgi apparatus, mitochondria, and small vesicles were observed at the nuclear indentation. Additionally, there were a few clustered dense bodies. HRP deposits were only seen on the cell surface.
CD20 + cells
A number of short microvilli were observed on the surface of lymphocytes labeled with anti-CD20 antibody. The N/C ratio and NCI values are shown in Fig. 1 . As in the CD5 + cells, the nuclei with heterochromatin were reniform and the nucleoli were often distinct. Organelles, such as ER, Golgi apparatus, mitochondria and small vesicles, were observed at the nuclear indentation. The CD20 + cells labeled with gold particles were similar to B lymphocytes. Gold particles were observed on the microvilli and on a few flat cell surfaces. 
CD5 + B cells
The cell surfaces of the CD5 + B cells were discontinuously stained by HRP deposits with a weaker intensity than was observed for other CD5 + cells. The gold particles were mainly observed along the microvilli. Each CD5 + B cell was classified into one of three subtypes based on its morphology and the observed immunolabeling pattern (Fig. 1) .
Type 1a cells : There were a small number (9%) of type 1a cells among the CD5 + B cells. These cells had a few microvilli and several long, slender cytoplasmic processes on the cell surface. The nuclei with heterochromatin were relatively irregular and were indented in the direction of the long cytoplasmic processes. A few organelles, including mitochondria, vacuoles, Golgi apparatus, and ER, were observed at the nuclear indentations. The N/C ratio and NCI values are shown in Fig. 1 . The HRP deposits, which were weaker than those of other CD5 + cells, were evenly distributed on the cell surface. A small number of gold particles were confined to the cell surface (Figs. 2A, 2B ). Type 1b cells : Type 1b cells were also relatively rare (17% of the CD5 + B cells). There were several microvillilike processes on the cell surface of these cells, whereas the long processes observed in the type 1a cells were not seen. The nuclei with heterochromatin showed a slightly indented morphology. Several cytoplasmic organelles were observed at the nuclear indentations. The N/C ratios and NCI values are shown in Fig. 1 . As was observed for type 1a cells, weak HRP staining was continuously distributed on the cell surface. The number of gold particles on the cell membranes of the type 1b cells was equal to or slightly greater than the number on the type 1a cells (Figs. 3A, 3B) .
Type 2 cells : Seventy-four percent of the CD5 + B cells were type 2 cells. These cells often had several uropod-like processes and microvilli on the cell surface. The nuclei with heterochromatin were irregular and indented on the side clos- est to the uropod-like processes. Organelles, such as mitochondria, vacuoles, Golgi apparatus, ER, and centrioles, were observed at the nuclear indentations. The N/C ratio and NCI values are shown in Fig. 1 . HRP deposits and gold particles were observed on the surfaces of the cells (Figs. 4A, 4B ). The HRP deposits, which were of a weaker intensity than those of other CD5 + cells, were continuously distributed on the cell surfaces and numerous gold particles were distributed on the microvilli. The majority of the gold particles were observed on the uropod-like processes.
There were statistically significant differences between the N/C ratios of the three types of CD5 + B cells, and between the N/C ratios of the CD5 + B and T cells. Among the CD5 + B cells, there were no significant differences in the NCI values except between the type 1b and type 2 cells.
DISCUSSION
Immunofluorescence analysis has shown that CD5 + B cells are morphologically similar to conventional B lymphocytes 6, 9 , whereas the fluorescence intensity of CD5 + B cells labeled with anti-CD5 antibody is weaker than that observed for labeled T cells, suggesting a lower epitope density in the B cell subpopulation. Although conventional MayGrünwald-Giemsa staining has shown that these cells have basophilic cytoplasm with indented nuclei, and rarely have nucleoli 6 , no immunoelectron microscopic studies of CD5 + B cells have been reported.
The present study is the first in which cell surface double labeling of cord blood CD5 + B cells was performed together with immunoelectron microscopy (IEM). CD5 + B cells, a special subtype of B cells, showed faint discontinuous HRP deposits and various depositions of gold particles on the cell surface. This finding agrees with the immunofluorescence findings described above 9 . In addition, three types of CD5 + B cells were identified based on the cellular morphology (organelles, chromatin patterns, microvilli, the N/C ratio, and the NCI) 20 and the labeling patterns of HRP deposits and/or gold particles 13, 15 . The N/C ratio of type 1a cells exceeded 0.6, which was the highest among the three types of CD5 + B cells. Therefore, the type 1a cells appear to be immature cord blood cells based on morphological and immunoelectron microscopic studies. Compared to type 1a cells, type 1b cells had more microvilli and organelles, but a lower N/C ratio (approximately 0.6). There was no significant difference between the NCI values of the type 1a and 1b cells. Type 1b cells appeared to be more mature than type 1a cells because of the increased number of organelles, the lower N/C ratio, the irregular nuclei, and the larger number of gold particles on the cell surfaces. Statistical analysis showed a significant difference between the N/C ratios of type 1a and type 1b cells, although there was no significant difference in the NCI values. Type 2 cells, which made up 74% of the CD5 + B cells, had a number of microvilli and many organelles in the cytoplasm. Gold particles were frequently observed on the microvilli. The N/C ratio of these cells was the lowest (approximately 0.5) among the CD5 + B cells. These cells were likely mature cells with higher NCI values than the type 1b cells 13, 15 . These findings suggest that type 1a cells (immature cells) are transformed into type 1b cells, and then into type 2 cells (mature cells), most likely due to the influence of agents such as lymphokines 21 . Although cord blood lymphocytes include a large number of mature type 2 cells (74% of the CD5 + B cells), the primary follicles of the fetal lymph nodes and spleen should have more immature type 1a and 1b cells than cord blood due to non-antigenic stimulation 6, 21 . In this investigation, we were able to identify two distinct surfaces antigens using IEM. Immunogoldimmunoperoxidase double labeling confirmed and extended the findings of previous immunofluorescence analysis 9 . This method combined with IEM improves the analysis of membrane phenotypes because two different membrane antigens can be simultaneously detected 13, [15] [16] [17] [18] 22 . It is worth noting that several different membrane antigens may be identified using HRP staining and differently sized gold particles together with the previously described method. Further studies, however, are required to detail the origin and function of the CD5 + B cells.
